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Abstract
This paper studies the transmission of monetary policy shocks from the US to the euro
area using a two-country structural VAR with no exogeneity assumption. The analysis
reveals the following results. First, in response to an unexpected increase in the Federal
funds rate, the euro immediately depreciates with respect to the dollar and then appreciates
in line with the prediction of the uncovered interest parity condition. Second, there is
evidence of a temporary positive spillover to euro-area output in the short run, while a
negative effect emerges in the medium run. Third, the contribution of the trade balance
channel to the transmission of monetary shocks is negligible. Finally, the degree of pass-
through of the exchange rate changes onto euro-area consumer prices is incomplete and
small in the short run, while it is close to zero in the medium run.
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Over the last ten years there have been a number of important developments, both theoretical
and empirical, in open-economy macroeconomics. Since the publication of Obsteld and Ro-
goff’s (1995) Redux model, commonly recognised as the contribution that launched the New
Open Economy Macroeconomics (NOEM) research agenda, open-economy dynamic general
equilibrium models that incorporate imperfect competition and nominal rigidities have been de-
veloped to account for the international transmission of shocks and the dynamics of exchange
rates. Lane (2001) and Sarno (2001) provide two excellent surveys. These models are char-
acterised by a higher standard of analytical rigour deriving from fully speciﬁed microfounda-
tions than the traditional Mundell-Fleming-Dornbusch (MFD) models of the 1960s and 1970s.
Moreover, they allow the welfare effects of different monetary and exchange rate policies to be
explicitly evaluated.
After Obsteld and Rogoff’s Redux model, the theoretical literature gradually introduced ad-
ditional features, including sticky prices (see Chari, Kehoe and McGrattan, 2002, among others)
and wages (Hau, 2000 and Obstfeld and Rogoff, 2000), pricing-to-market (Betts and Devereux,
2000), non-traded goods (Hau, 2000, and Obstfeld and Rogoff, 2000). The development of
Bayesian techniques for general equilibrium models and the availability of fast computers have
also allowed researchers to estimate small open-economy and two-country models (Bergin,
2003, Lubik and Schorfheide, 2005, de Walque, Smets and Wouters, 2005, and Rabanal and
Tuesta, 2005). Recently, open-economy models have been developed at central banks such as
the Riksbank, the Federal Reserve, the European Central Bank and the Bank of Canada.
The existing empirical evidence on the international transmission of shocks has been based
on structural vector autoregressions and focused on the US and the G-7 countries. Betts and
Devereux (2001) and Kim (2001) found evidence of remarkable spillovers from the former to
the latter. Recently, Lubik and Schorfheide (2005), Rabanal and Tuesta (2005) and de Walque,
Smets and Wouters (2005) have estimated two-country general equilibrium models of the US
and the euro-area using Bayesian techniques. Overall, they show that monetary shocks played
only a small role in shaping the dynamics of the real exchange rate between the dollar and the
1 We would like to thank Paolo Angelini, Alessio Anzuini, Paul Bergin, Luca Dedola, Martin Ellison and
Alessandro Rebucci for helpful comments and suggestions. We have also beneﬁtted from comments by seminar
and conference participants at the Bank of Italy, European Central Bank and the 20th Annual Congress of the Euro-
pean Economic Association (Amsterdam, August 24-27, 2005). We would like to thank two anonymous referees.
All remaining errors are ours. The opinions expressed in this paper are solely the responsibility of the authors and
shouldnotbeinterpretedasreﬂectingtheviewsoftheBankofItaly. Correspondence: stefano.neri@bancaditalia.it;
andrea.nobili@bancaditalia.it.8
euro and that the spillover effects of these shocks have been relatively small.
The objective of this paper is to provide empirical VAR-based evidence on the international
transmission of monetary policy shocks between two large economies, such as the US and the
euro-area. As far as identiﬁcation is concerned, we draw from the NOEM literature in deﬁning
the set of restrictions that are necessary to identify the shocks. In setting up the VAR we impose
the uncovered interest parity (UIP) condition on the exchange rate and the short-term interest
rates and we specify the equation for the bilateral trade on the basis of the pricing behaviour for
US and euro area exports (Local Currency Pricing, LCP, or Producer Currency Pricing, PCP).
We set up a two-country VAR model that includes both US and euro-area variables, as well
as some linking the two economies. Since the data suggest that we can relax the assumption
of small open-economy for the euro area as well, in contrast to previous analyses, we do not
impose any exogeneity assumption on the VAR model and we assume that the transmission of
US monetary policy shocks can work simultaneously through movements in the trade balance,
the exchange rate and the short-term interest rates. From a methodological point of view, our
approach is an improvement with respect to previous work such as Kim (2001) and Betts and
Devereux (2001). The former uses a “marginal method” approach in which the foreign variables
of interest are added one at a time to a well-deﬁned closed-economy model for the US. It also
assumes that the rest of the world is exogenous to the US economy. Results deriving from this
approach may suffer from two related problems. On the one hand an omitted variable problem
might arise to the extent that there is signiﬁcant simultaneity among the foreign variables. On
the other hand, results do not also take into account possible feedback effects from the G-7
countries to the US. Betts and Devereux (2001) included both US and foreign variables in their
VAR, but they did not consider some relevant variables for the identiﬁcation of US monetary
policy shocks, such as a monetary aggregate and a commodity price index.
Our empirical evidence may be useful in constructing dynamic optimising models for policy
analysis. For example, negative evidence on the role of trade may suggest researchers to look
for other channels through which shocks are transmitted in a international environment. The
behaviour of the nominal exchange rate in response to a monetary policy shock might help us
understand whether it is consistent with the predictions of the uncovered interest rate parity.
Finally, evidence on the response of the foreign country short-term interest rate to domestic
monetary shocks may help us choose the terms to be included in interest rate rules.
Our main ﬁndings are the following. After a monetary contraction in the US the euro imme-
diately depreciates and then appreciates with respect to the dollar, consistently with the uncov-
ered interest parity condition. At the same time, we ﬁnd a strong temporary positive effect on
euro-area output in the short run, but a larger and more persistent negative effect in the medium
run. Finally, the pass-through of exchange rate changes onto euro-area prices is incomplete and9
low in the short run and not signiﬁcantly different from zero in the long run.
The remainder of the paper is organised as follows. Section 2 describes the methodology
used for conducting correct inference in our overidentifed two-country VAR. Section 3 presents
the two-country VAR and gives details regarding the speciﬁcation, the identiﬁcation of mon-
etary policy shocks and the estimation. Section 4 assess the impulse responses and provides
some insights into the transmission mechanism. The conclusions are drawn in Section 5.
2 Methodological issues
In this section we brieﬂy describe the structural vector autoregression that will be used in the
empiricalanalysis. MoredetailsonthecomputationofimpulseresponsesaregiveninAppendix
B. We assume that the economy is described by the following system of structural equations
A0Yt = A(L)Yt¡1 + et (1)
where A(L) is a matrix polynomial in the lag operator L, Yt is a vector of variables of dimension
n and et is the vector of structural disturbances, which are assumed to be independent and
identically distributed with covariance matrix equal to the identity matrix.
The coefﬁcients of the structural equations in (1) can be recovered from the estimated re-
duced form by imposing enough restrictions, that is making assumptions on the matrix A0 that
links contemporaneously the variables in Yt. Under this assumption and if the disturbances ut
are Gaussian, the posterior distribution of the A0 matrix can be obtained following Sims and
Zha (1999). Choosing a ﬂat prior for both B(L) and A0 and integrating over B(L) give the












where º is the degrees of freedom correction, which is equal to the number of estimated coefﬁ-
cients in each equation.
For overidentiﬁed VAR models, expression (2) does not represent the density function of
any standard random variable and therefore there is no simple method for generating a random
samplefortheA0 coefﬁcientsandcomputingerrorbandsforimpulseresponses. Severalauthors
have used techniques such as importance sampling. However, Waggoner and Zha (1997, 2003a)
pointed out its inefﬁciency when the shape of the posterior density is highly non-Gaussian and
suggested alternative posterior simulators such as Gibbs sampling or Metropolis. In the light of
this result, we used 1,500,000 draws from the random walk version of the Metropolis algorithm
to obtain a sample from the posterior distribution of the A0 matrix following Sims and Zha
(1999). The ﬁrst 20 per cent of the draws were discarded as burn-in sample.10
In all the non-recursive identiﬁcations we implement the likelihood-preserving normalisa-
tion suggested by Waggoner and Zha (2003b). This method ensures that the effects of exoge-
nous shocks are in the same direction, thus always maintaining a coherent economic interpreta-
tion. Normalization amounts to a rule that determines the sign of all coefﬁcients in each struc-
tural equation and it is one of the difﬁcult issues in the context of simultaneous equation models.
The choice of normalisation rule is irrelevant for the point estimates of impulse responses but it
is crucial for inferential conclusions around the maximum likelihood estimates.
3 A two-country VAR for the US and the euro area
3.1 Speci cation
In this section we ﬁrst set up a closed economy VAR for the US that allows the identiﬁcation
of monetary policy shocks and then move on to estimating a two-country model to evaluate the
effects of policy shocks on the main macroeconomic variables of the euro area and the exchange
rate between the dollar and the euro. The estimation of the closed economy is done in order
to ensure that the impulse responses that we obtained are in line with those available in the
literature. It also helps in assessing the contribution of foreign variables in the transmission of
monetary shocks to the US variables.
Following previous studies, such as Leeper, Sims and Zha (1996) and Kim (1999), we in-
clude in the vector yt the Federal funds rate (ius), expressed on an annual basis, the log of the
M2 monetary aggregate (mus) in nominal terms, the log of real GDP (yus), the log of the im-
plicit GDP deﬂator (pus) and the log of the world commodity price index (cp). For a description
of the data see Appendix A. Three lags are used in the speciﬁcation of the model. In the choice
of the appropriate number of lags we opted for a parsimonious VAR speciﬁcation, but at the
same time characterised by estimated residuals with good white-noise properties.2
3.2 Identi cation
The identiﬁcation of monetary policy shocks is based on Kim (1999) and it allows the money
stock and the short-term interest rate to jointly transmit monetary policy shocks, as suggested
2 Table C1 in Appendix C shows that the multivariate version of the Lagrange multiplier test suggests that just
a lag order of one is sufﬁcient to get uncorrelated VAR residuals. Nevertheless, we opted for a speciﬁcation with
three lags, as it is the optimal lag order chosen for the two-country model, therefore allowing us to make a better
comparison of the results.11
by Leeper and Roush (2003).3 Impulse responses to a monetary policy shock that increases the
Federal funds rate on impact by 50 basis points are reported in Figure 1. Solid lines represent
the median estimates while the dashed lines denote .68 and .90 probability intervals derived
from the marginal posterior distributions of the impulse horizon at each step. All ﬁgures re-
port impulse responses expressed as deviations from the baseline. Overall, the identiﬁcation
scheme does not imply any particularly puzzling response of the variables and delivers impulse
responses that are similar in shape and persistence to those of previous studies, such as Chris-
tiano, Eichenbaum and Evans (1999), Leeper, Sims and Zha (1996) and Bernanke and Mihov
(1998).
Moving on to the two-country model, the following variables are added: the log of the bilat-
eral exchange rate of the euro vis-´ a-vis the dollar (e), the euro-area three-month nominal interest
rate (iemu), the euro-area real GDP (yemu), the euro-area implicit GDP deﬂator (pemu) and the
nominal trade balance between the two areas (tb). The bilateral exchange rate is expressed as
units of US dollars per euro. Therefore, a positive change in this variable measures an apprecia-
tion of the euro. The bilateral trade balance is expressed in nominal terms since the appropriate
deﬂator is not available, and it is multiplied by 100 and divided by the level of euro-area nomi-
nal GDP. The two-country VAR is estimated in levels with three lags. The sample period used
in the estimation is still 1982:3 to 2005:2. Standard tests presented in Appendix C suggested no
evidence of serial correlation and heteroskedasticity in the residuals.
The VAR is based on the assumption that the euro area is considered an open economy,
as large as the United States. Therefore, we do not impose any block exogeneity restriction
in the model, meaning that each correlation between US and euro-area variables is assumed
to be bidirectional, going from the US to the euro area and vice versa. In order to check this
hypothesis we run a battery of pair-wise Granger causality tests between euro-area and US
variables, as well as the multivariate block exogeneity test, in order to examine whether the
group of variables used in the benchmark model for the US is block-exogenous with respect to
the set comprising all the other variables. The results provide evidence that the null hypothesis
that lagged values of euro-area and common variables have zero coefﬁcients in the US block is
strongly rejected at any conventional conﬁdence level. Consequently, the strategy of setting up
a VAR model for the euro area in which the previously estimated US structural monetary policy
shocks enter exogenously in the speciﬁcation, appears not to be optimal.
The following matrix summarises our proposed identiﬁcation scheme
3 The authors pointed out that, when monetary policy shocks generate signiﬁcant co-movements in money and
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which is exclusively based on short-run restrictions.
The above matrix is composed of three blocks: the US economy, the group of euro-area
variables and a set of variables linking the two areas, comprising the bilateral exchange rate,
the world commodity price index and the bilateral trade balance. The ﬁrst block of restrictions,
represented by the ﬁrst four rows, allows the identiﬁcation of US monetary policy shocks and
basically reﬂects the same assumptions used in the closed-economy VAR. All euro-area vari-
ables are assumed not to affect the level of US output and prices contemporaneously, and vice
versa, reﬂecting the a priori belief in the existence of lags in the transmission of shocks between
the two areas.
By symmetry, the euro-area real sector is modelled like the US one. Real GDP responds
to the price level and all the other variables with at least one quarter lag. The equation of the
euro-area short-term interest rate (iemu) is considered the reaction function of the “European
monetary authority”, which sets the short-term interest rate in response to the current value of
the commodity price index and the exchange rate, but not the values of the other variables.
These two variables control for the systematic response of monetary policy to inﬂationary pres-
sures stemming from foreign markets. Contrary to the assumptions for the US block, in which
the monetary aggregate M2 appears, we do not introduce a measure of money in the equation
of the euro area short-term interest rate. This choice can be justiﬁed on the basis of the follwing
considerations. First, when considering the monetary policy of the Bundesbank, the empirical
evidence suggest that developments in the monetary aggregate M3 did not affect in a relevant
way the policy decisions. Bernanke and Mihov (1997) conclude that“holding constant the cur-
rent forecast of inﬂation, German monetary policy responds very little to changes in forecasted
money growth”. The evidence in Clarida, Gal´ ı and Gertler (1998) also suggest that money
growth does not enter signiﬁcantly into a forward-looking monetary policy rule estimated for13
the Bundebank over the 1979-1993 period.4 On the other hand, they ﬁnd that M2 growth enters
signiﬁcantly in a reaction function for the Federal Reserve estimated over the post 82 period.
It is important to underline that although no single monetary authority existed in the euro
area until January 1999, the Deutsche Bundesbank was de facto setting the stance of monetary
policy for the whole area. Our assumption that the euro-area short-term interest rate reacts
contemporaneously to the exchange rate is based on the following two considerations. First,
Clarida, Gal´ ı and Gertler (1998) showed that the exchange rate between the Deutschmark and
the dollar enters signiﬁcantly in an estimated reaction function of the Bundesbank. Second,
somecountriesparticipatingtodayintheEuropeanMonetaryUnion(EMU),suchasItaly, Spain
and France, were setting their short-term interest rates in order to stabilise their own exchange
rate with respect to the Deutschmark. Again, the evidence in Clarida, Gal´ ı and Gertler (1998)
supports this statement, at least as far as concerns Italy and France.
We model the two monetary policies as being independently set. Clarida, Gal´ ı and Gertler
(1998) found some evidence of a response of the Bundesbank interbank lending rate to the Fed-
eral funds rate. However, the effect is negligible since the introduction of the US interest rate
does not affect signiﬁcantly the estimation of the benchmark reaction function of the Bundes-
bank. In addition, we do not include the exchange rate in the information set of the Federal
Reserve following Clarida, Gal´ ı and Gertler (1998).
In the ﬁnancial block of the A0 matrix, the world commodity price equation (cp) is assumed
to respond to all the variables, in line with the assumptions in the closed-economy VAR. With
respect to the exchange rate, we assume that it depends only on the two short-term interest
rates, consistently with some kind of uncovered interest parity. However, we do not take seri-
ously the restrictions imposed by the UIP condition, namely that the coefﬁcients on the interest
rates should be equal to minus and plus one. Our assumption is somehow different with respect
to that in Kim and Roubini (2000), where all variables included in the system have contempo-
raneous effects on the exchange rate. However, it would not be possible to allow commodity
prices and the exchange rate to respond contemporaneously to all variables at the same time for
identiﬁcation reasons.5 Finally, we assume that the bilateral trade balance responds to current
values of both US and euro-area output and prices and to the bilateral exchange rate. Indeed, if
4 These results notwithstanding, in Section 4.5 we present evidence obtained with a two-country model in-
cluding the M3 money stock in the block of euro-area variables and identifying money demand shocks. Results
are very similar to those obtained with the benchmark model.
5 As a robustness check, we also considered the same two-country model in which we allowed the exchange
rate to respond contemporaneously to all variables included in the system, while the commodity price index was
considered completely exogenous to both the US and the euro area. Results are virtually similar and discussed in
more detail in Section 4.2.14
US ﬁrms price their exports to the euro area according to the local currency (LCP, Local Cur-
rency Pricing) and euro area exporting ﬁrms price their goods in euros (PCP, Producer Currency
Pricing), then the trade balance must also be a function of the contemporaneous value of the
bilateral exchange rate. In only one case out of the possible four (two pricing assumptions,
PCP and LCP, in the two countries, the US and the euro area) the trade balance should not de-
pend contemporaneously on the exchange rate. The robustness of the results to this alternative
identiﬁcation is tested in Section 4.3.
The world commodity price index and the exchange rate are contemporaneously excluded
from this equation. These variables are likely to affect the trade balance only with lags, reﬂect-
ing previously invoiced trade contracts and advance production planning.
3.3 Estimation
The reduced form VAR is estimated consistently in levels relying on the results in Sims, Stock
and Watson (1990). Data are quarterly and the sample period goes from 1982:3 to 2005:2, in
order to rule out the non-borrowed regime the Federal Reserve was implementing between 1979
and part of 1982 under Governor Volcker. Moreover, Sims and Zha (2006) ﬁnd that changes in
the variances of structural shocks, between 1979 and 1982, are the major source of instability
in a VAR including the main US macroeconomic variables.
The second column of Table 1 reports the summary statistics of the posterior distributions
for the coefﬁcients of the Federal fund rate and M2 money equations. The data correctly iden-
tify a supply and demand for money, although the estimated elasticities are somehow different
from the corresponding values in the closed-economy model. Concerning our proposed identi-
ﬁcation, it is important to underline that the likelihood ratio (LR) test for overidentiﬁed VARs
suggests that our short-run restrictions cannot be rejected at 5 per cent conﬁdence level (the
statistic is equal to 25.64 and the corresponding p-value is 0.78). We view this as a remarkable
result since the model is highly overidentiﬁed (the number of over-identifying restrictions is
equal to 21). The LR test conﬁrms the correctness of the assumption that the real blocks of
both the US and the euro area are contemporaneously independent and that the exchange rate
depends only on short-term interest rates.
To ensure that our estimated monetary policy shocks do not capture common world demand
shocks, negative technology shocks in the US or oil shocks, we estimated a linear regression as
in Francis and Ramey (2005) using as dependent variable the time series of monetary shocks
and as regressors the following variables: a measure of world demand shocks, obtained as
innovations to an AR(1) process for world exports, technology shocks identiﬁed using long run
restrictions as in Christiano, Eichenbaum and Vigfusson (2003) and the variables in Dedola and15
Neri (2006), the measure of oil supply shocks computed by Kilian (2006), Hamilton’s (2003)
measure of oil shocks and the Hoover and Perez (1994) oil dummies. The policy shocks are
computed using the mode of the posterior distribution of the A0 matrix and the least squares
estimates of the residuals. Results for the F-tests that the current and ﬁrst three lags of each of
the shocks are jointly equal to zero suggest that our identiﬁed policy shocks are not likely to
be contamined by other demand and supply shocks (see Table 2). Similar results are obtained
when using the 16th and 84th percentiles of the posterior distribution of A0.
4 Results
In this section we study and discuss the set of impulse responses to identiﬁed monetary policy
shocks in the US.
4.1 The effects of monetary policy shocks on the US variables
The dynamic effects of a 50 basis point increase in the Federal funds rate on the US variables
are shown in Figure 2. The usual error bands are also displayed.
Overall, in response to a contractionary monetary policy shock, the US macroeconomic
variables follow patterns remarkably similar in shape and timing to those of the closed-economy
VAR, although the effects seem to be somehow larger (see Figure 1). More precisely, the
liquidity effect is stronger, as the money M2 declines on impact by about 0.8 per cent from the
baseline. The fall of the price level is now signiﬁcant and persistent over the whole horizon,
reaching a maximum decline of more than 0.5 per cent after four years.
The forecast error variance decomposition of US variables based on the posterior mean of
theA0 matrixandtheOLSestimatesofthereducedformcoefﬁcientsshowsthatthecontribution
of monetary policy shocks increases with the forecast horizon. On average, over the entire
horizon, these shocks explain around 11 and 13 per cent of the variance of, respectively, real
GDP and the GDP deﬂator. When the mode of the posterior distribution of A0 is used, this
contribution is only slightly larger.
4.2 The effects on the bilateral exchange rate
The upper-right-hand corner of Figure 2 shows the impulse response of the nominal bilateral
exchange rate of the euro with respect to the dollar. After the shock the dollar appreciates on
impact by slightly more than 2.0 per cent. The appreciation of the dollar is rather persistent16
with the maximum response occurring two quarters after the shock. In the following quarters,
the dollar depreciates slowly and returns to its initial level after three years.
The pattern of the response of the bilateral exchange rate appears to be consistent with
the uncovered interest parity condition (UIPC). Conditionally on the monetary policy shock,
the UIPC suggests that a positive innovation in the US interest rates relative to euro-area ones
should be associated with a persistent depreciation over time of the dollar after the initial appre-
ciation. In addition, the ex-post excess return, deﬁned as the difference in the return between
investing in one-quarter US assets and in one-quarter euro-area assets, should be zero. On the
basis of our two-country model, we ﬁnd that the response of the ex-post excess return is never
signiﬁcant over the whole impulse horizon (see Figure 8B). These results are consistent with
those of previous studies regarding the effects of a US monetary policy shock on the bilat-
eral exchange rate of the dollar with respect to the currencies of non-US G-7 countries (e.g.
Eichenbaum and Evans, 1995; Kim and Roubini, 2000). Using an estimated general equilib-
rium model, Lubik and Schorfheide (2005) and de Walque, Smets and Wouters (2005) ﬁnd that
a monetary contraction in the US leads to an appreciation of the exchange rate with respect to
the euro.
Interestingly, we obtained very similar results to the benchmark model for all the impulse
responses when imposing the restriction that the coefﬁcients on the two interest rates were the
same but of opposite sign, as predicted by the UIPC. Impulse responses obtained with this
alternative scheme are presented in Figure 3. However, in the benchmark model we preferred
not to restrict these coefﬁcients and leave them free to differ because the value of the posterior
density at the mode was higher.
The same pattern arises looking at the response of the real exchange rate, which is con-
structed using the responses of the US and euro-area price levels (expressed in the same cur-
rency), and is reported in Figure 8B. This result mainly reﬂects the high correlation between
these two variables, which is usually explained by the existence of price rigidities.6
Finally, we assess the role of US monetary policy shocks in generating ﬂuctuations in both
the nominal and the real exchange rate. To this end, we used the posterior mean of the iden-
tiﬁcation matrix A0 and the OLS estimate of the reduced form of the VAR. Similar results are
obtained using the posterior mode of A0. Over a four-year horizon, monetary shocks on average
account for around 6 and 11 per cent of, respectively, the variance of the forecast error of the
nominal and the real exchange rate. Similar results are obtained in the context of an estimated
DSGE model by Rabanal and Tuesta (2005), Lubik and Schorfheide (2005) and de Walque,
Smets and Wouters (2005).
6 We obtain very similar results if we derive the response of the real exchange rate using the consumption
deﬂator or a measure of unit labour costs for the two economies instead of the GDP deﬂator.17
As our results may depend on our identifying assumptions, we assessed the robustness of
the response of both the bilateral exchange rate and the conditional excess return in a two-
country model in which the exchange rate, being a forward-looking asset price, is allowed to
respond contemporaneously to all variables included in the VAR model, while the commodity
price index is assumed to be completely exogenous to the rest of the system (see Figure 4).
This identiﬁcation is similar to that of Kim and Roubini (2000). The overidentifying restriction
test suggests that these assumptions are also accepted by data (the LR statistic is equal to 18.53
and the corresponding p-value to 0.82). All impulse responses are remarkably similar to the
benchmark model, including that of the excess return (see Figure 8B).
4.3 The transmission to the euro-area variables
The response of euro-area real GDP is shown in Figure 2. In the short-run we ﬁnd evidence of
a positive spillover, as it increases by around 0.4 per cent after ﬁve quarters. Then, there is a
signiﬁcant negative effect starting seven quarters after the shock and remaining persistent and
signiﬁcant at horizons up to four years, when real output falls below the baseline by about 0.6
per cent.
In the context of the recent NOEM literature, theoretical models deliver different predic-
tions regarding the cross-country transmission of monetary policy shocks. The impact on the
foreign country depends crucially on the magnitude of the expenditure-switching and income-
absorption effects. The relative importance of these channels depends on the type of pricing
adopted by ﬁrms at the international level, on the value of structural parameters such as the
elasticity of substitution between home and foreign goods, between goods within each country
and ﬁnally on the degree of home bias in consumption.
On the one hand, the Redux model by Obstfeld and Rogoff (1995) suggested that a domestic
monetary contraction reduces output of both home and foreign country by the same size as a
result of bond markets being perfectly integrated and both countries consuming the same basket
of goods. On the other hand, Chari, Kehoe and McGrattan (2002) and Corsetti and Pesenti
(2001) showed that the signs of the spillover effects strongly depend on parameters such as the
elasticity of substitution between home and foreign goods and the elasticity of substitution of
goods within each country.
To assess the relevance of the trade channel in the transmission of monetary shocks to the
euro area, we study the response of bilateral trade, which is reported in Figure 2. After one
quarter it worsens by a small amount (0.05 per cent of euro-area nominal GDP) and then returns
to zero. This pattern can be rationalised with the traditional J-Curve effect, according to which
there should be an initial worsening due to the effect of the exchange rate depreciation on18
import prices and, consequently, on the nominal value of imports, while traded quantities do
not change because of previously invoiced trade contracts. After some lags (usually one or two
quarters) the adjustment of quantities to the new prices would lead to an improvement in the
trade balance. To the extent that quantities do not respond on impact to the shock and given
the fact that the trade balance does not respond on impact, it may be inferred that euro-area
export (to the US) and import (from the US) prices move little in response to movements in the
exchange rate. One possible rationalisation of this pattern is that euro-area exports to the US are
priced in dollars (local curreny pricing, LCP) and US exports to the euro area are also priced in
dollars (producer currency pricing, PCP), so that when the value of the dollar changes, prices do
not move. Interestingly, Gopinath and Rigobon (2006) ﬁnd that contrary to standard modelling
assumptions there is producer currency pricing in US exports and local currency pricing in US
imports. We also experimented with an indentiﬁcation scheme in which the trade balance does
not depend on the exchange rate (see Figure 5). This case corresponds to the combination of
pricing behavour according to which euro area exporting ﬁrms price in euro (PCP) and US
exporting ﬁrms price also in euro (LCP) (see the discussion in Section 3 above). The results are
remarkably similar to those reported in Figure 2.
An additional result is that monetary policy shocks in the US explain only around 2 per cent
of the bilateral trade balance ﬂuctuations in the short run and basically zero in the longer run.
These results suggest that trade with the US does not contribute to the transmission of monetary
shocks to the euro area.
The positive effect on euro-area real GDP may also reﬂect a depreciation of the euro with
respect to the currencies of other trade partners and consequently larger expenditure-switching
effects. To provide some evidence that this channel may be at work, we drop the bilateral
exchange rate and include the nominal effective exchange rate of the euro.7 This variable shows
a pattern remarkably similar to that obtained with the bilateral exchange rate with the dollar but
the size of the response is smaller.
Precisely, the euro depreciates on impact by about 1.0 per cent and remains below the base-
line up to two years after the shock, when the depreciation is slightly more than 2.0 per cent.
Nevertheless, if we include in the model the overall extra-area trade balance (as a fraction of
real GDP) we ﬁnd the contribution of external demand to be 0.1 per cent one year after the
shock and not signiﬁcant in the following periods.
7 Results are available upon request. The nominal effective exchange rate is based on a narrow group of
euro-area trade partners, namely United States, United Kingdom, Japan, Switzerland, Sweden, Denmark, Norway,
Canada, Mexico, Australia, New Zeland, Korea, Hong Kong and Singapore. This group actually covers about 70
per cent of overall euro-area trade. For further details see the September 2004 issue of the ECB Monthly Bulletin
and Buldorini, Makrydakis and Thimann (2002).19
Overall it can be argued that the trade balance channel does not help to explain the response
of euro-area real GDP either in the short run or in the long run. This result is in line with
that of Kim (2001), who also ﬁnds that changes in the trade balance play a minor role in the
transmission of US monetary shocks to the rest of the G-7 countries. Therefore, other channels
must be at work.
In particular, we consider the possibility that the endogenous response of the foreign central
bank may contribute to the transmission of external shocks. This feature is present in the anal-
ysis of Lubik and Schorfheide (2005). In their model, the monetary authorities of the US and
the euro area are allowed to respond contemporaneously to the exchange rate. The estimated
model suggests that in response to a monetary contraction in the US, domestic inﬂation and
output decline, the dollar appreciates and, ﬁnally, output and inﬂation increase in the euro area.
The monetary authority responds endogenously to these latter developments by increasing the
short-term interest rate. In line with the results in Lubik and Schorfheide (2005), we ﬁnd that
output, prices and the short-term interest rate all increase in the euro area. However, the hike
in nominal interest rates (less than 20 basis points) is not enough to increase the real short-term
interest rate, which actually decreases for the ﬁrst two quarters (0.2 per cent; see Figure 8B).8
In our opinion, this decline in the real rate may explain the initial expansion in output, which
as we have shown above cannot be rationalised in terms of the movements in the trade balance
with the US and the other trading partners. Similarly, the decline of output in the medium run
may also depend on the increase in the real short-term interest rate a few quarters after the
shock.
Finally, another channel that might be at work is the increase in disposable income following
the decrease in the price of raw materials. Indeed, the magnitude of the response of these inter-
national prices is rather large, around 8.0 per cent on impact, and the decline is persistent. This
suggest the possibility that the consequent wealth effect might reinforce the positive spillover
on real output in the euro area through an increase in aggregate demand.9
4.4 Assessing the pass-through onto euro-area consumer prices
In this section we assess the degree of pass-through of the exchange rate onto euro-area prices.
Figure 2 shows that after the US monetary contraction, the euro-area GDP deﬂator increases
8 The response of the real short-term interest rate, rt, is obtained by subtracting the quarterly differences in the
response of the price level, logPt, (expressed in annual terms) from the response of the nominal short-term interest
rate, Rt: rt = Rt ¡ 4 £ (logPt+1 ¡ logPt):
9 This view is supported by the positive effect on real private consumption and investment (see Figure 8A). The
impulse responses are obtained by replacing real GDP in the euro area with each of the two variables separately.20
by around 0.2 per cent in the second year after the shock. This pattern implies a pass-through
coefﬁcient (deﬁned as the response of the price level divided by the impact response of the
nominal exchange rate) of about 0.1 in the medium run and zero in the long run.
It might be argued that the consumption deﬂator could be more useful in assessing the ef-
fects of exchange rate changes on domestic inﬂation, as import prices are included in the basket
and changes in commodity prices and other imported goods prices could have a more rapid
impact on the index than on the GDP deﬂator, which reﬂects the price of goods produced do-
mestically. Nevertheless, this variable has also some potential drawbacks, as it includes prices
of goods imported solely for consumption purposes, while it excludes prices of important trade-
able goods, such as capital and intermediate goods, which also enter the production processes
as inputs. In this sense the GDP deﬂator might better reﬂect considerations of international cost
and price competitiveness, as it has the advantage of shifting the focus from the consumption
side to the production side of the economy.
These considerations notwithstanding, in order to give a more exhaustive assessment of the
pass-through of exchange rate ﬂuctuations onto euro-area prices, we repeat the analysis sub-
stituting both the US and euro-area GDP deﬂator, respectively, with US personal consumption
expenditure and euro-area private consumption deﬂator, and leaving our identifying assump-
tions unchanged with respect to the benchmark two-country. The response over time of this
alternative measure of prices is similar in timing and persistence.10
Our results seem to support some recent empirical work on the euro area. For example,
Campa and Minguez (2002) used both cross-country and cross-industry data and found that
the average aggregate pass-through onto the total costs of intermediate production after a 10
per cent euro depreciation is 1.2 for the euro area, which declines below 0.5 per cent when the
consumer price index is considered.11 Faruqee (2004) ﬁnds that in response to a 10 per cent
depreciation of the nominal effective exchange rate of the euro, consumer prices increase by
only 0.2 after one and a half years.
10 Wealso exploredaversionofthetwo-countrymodel thatincludedthe USconsumerpriceindex(CPI)andthe
euro-area harmonised index of consumer prices (HICP), ﬁnding similar results. They are available upon request.
11 The authors pointed out that signiﬁcant differences exist across euro-area countries, mainly due to the distinct
degrees of openness to non-euro area imports rather than to the heterogeneity in the structure of imports. Broadly
speaking, there is evidence of incomplete and lower pass-through for larger euro-area countries, such as Germany
and France.21
4.5 Adding the euro-area M3 monetary aggregate
In this sub-section we assess the robustness of our results regarding the transmission mechanism
by exploring an alternative two-country model including the M3 money stock in the block of
the euro-area variables. The identifying assumptions for the euro-area money demand equation
are identical to those used for the US, namely that M3 responds simultaneously to the euro-
area real GDP, GDP deﬂator and nominal short-term interest rate. In addition, we also allowed
the euro-area short-term interest rate to respond contemporaneously to the money aggregate in
order to rule out the endogenous response of monetary policy to pure money demand shocks.
Note that our proposed identiﬁcation scheme, which now includes 26 restrictions, is still not
rejected by the data at the conventional 5 per cent conﬁdence level. The likelihood ratio test
statistic is equal to 33.76 and the corresponding p-value to 0.86.
Results are very similar to the benchmark model and are presented in Figure 6. After a
positive monetary policy shock the euro-area M3 decreases on impact and remains below the
baseline over the whole horizon. Regarding other euro-area variables, we obtain slightly more
persistent responses of both the nominal and the real short-term interest rate in the medium run,
still suggesting evidence of an endogenous response of European monetary authorities after the
US monetary contraction.
4.6 An alternative assumption on monetary policy
The identiﬁcation of monetary policy shocks has been the subject of debate in academic re-
search, as both recursive and non-recursive identiﬁcation schemes have been proposed. Dif-
ferences in the two approaches mainly reﬂect the assumptions made on the information set
available to the Federal Reserve at the time at which the monetary policy instrument is set.
We assess the robustness of our results for the transmission mechanism using an alterna-
tive identiﬁcation scheme based on the idea that the central bank observes current output and
prices but not money when setting the short-term interest rate (see for example Christiano,
Eichenbaum and Evans, 1999, among others). The use of a scheme that does not allow for
simultaneity in the US money market may lead to smaller effects of monetary policy shocks
on US real economic activity and to a possibly puzzling response of the US price level (Leeper
and Roush, 2003). For consistency, the euro-area short-term interest rate is also assumed to re-
spond contemporaneously to both output and prices. All the remaining identifying restrictions
are those of the benchmark VAR. This alternative scheme is still strongly accepted by data, as
implied by the overidentifying restriction test. The likelihood ratio test statistic is 21.65 and the
corresponding p-value is equal to 0.80.
The responses of the variables are reported in Figure 7. Changing the identifying assump-22
tions in the US block does not affect signiﬁcantly the qualitative effects of monetary policy
shocks on US variables although the magnitude of the effects are smaller, consistently with the
results in Leeper and Rush (2003). In particular, the responses of the money M2 and real GDP
become sligthly smaller.
The responses of the euro-area variables are also not qualitatively affected. The marginal
distribution of the responses of prices seems to be slightly shifted down in the recursive identi-
ﬁcation. The nominal short-term interest rate increases on impact, while the corresponding real
rate rises with a lag of three quarters. Some differences emerge in the response of the commod-
ity price index, which in the case of a recursive scheme declines by a smaller amount compared
with the benchmark identiﬁcation. The error bands of the impact response of the exchange rate
are now tighter and the median response is larger. A 50 basis points increase in the Federal
funds rate still depreciates the euro by around 2.0 per cent on impact. The response of the ex-
change rate still shows a dynamic pattern which is consistent with the uncovered interest rate
parity condition.
5 Concluding remarks
This paper has studied the transmission of monetary policy shocks from the US to the euro-area
using a two-country structural VAR model. Contrary to previous analyses with structural VAR
models, no block exogeneity has been imposed on the model.
The analysis has shown that a monetary contraction in the US leads to a temporary positive
effect on euro-area output in the short run. A more persistent and negative effect emerges in the
medium run. The euro depreciates on impact with respect to the dollar and then appreciates in
line with the prediction of the uncovered interest parity condition. The degree of pass-through
of the exchange rate onto consumer prices is incomplete and very low in both the short run and
the medium run. In assessing the transmission mechanism of monetary shocks we ﬁnd that the
trade balance plays a negligible role, suggesting that researchers should look for other channels
through which shocks are transmitted in an international environment. The euro-area short-term
interest rate responds endogenously to commodity prices and the nominal exchange rate. Our




Federal funds rate equation
a11 188.2 120.2
(83.7, 289.5) (32.8, 211.8)
a12 7.8 -75.9
(-115.3, 131.2) (-143.6, -8.7)
a15 -14.5 -18.5
(-21.8, -6.8) (-24.8, -12.4)
M2 equation
a21 112.8 332.5
(-87.4, 294.8) (274.0, 390.3)
a22 164.8 203.7
(101.5, 218.5) (162.5, 246.4)
a23 -4.9 -32.6
(-42.2, 32.7) (-69.3, 4.5)
a24 25.7 -11.2
(-39.6, 50.9) (-94.5, 72.4)
Notes: For each coefﬁcient of the A0 matrix the table reports the mean and the 0.68
probability interval (in brackets) of the corresponding marginal posterior distribution.
Each distribution is obtained from a sample of 1,500,000 draws from the Metropolis
algorithm.Table 2
Exogeneity tests for identiﬁed monetary policy shocks
Structural global shocks F-test p-value
Hamilton’s net oil price increase 0.43 0.79
Hoover and Perez oil dummy 1.14 0.35
Kilian’s oil supply shock 0.25 0.91
Technology shock 0.43 0.79
World aggregate demand shock 0.35 0.84
All shocks 0.62 0.88
Notes: Monetary policy shocks are computed using the mode of the
posterior distribution for the A0 matrix and the least squares estimates
of the reduced form residuals, which is obtained from a sample of
1,500,000 draws from the Metropolis algorithm. The F-test is based
on a regression of the monetary policy shocks on a constant and current
and three quarterly lags of the variable in question. The null hypothesis
is that all of the coefﬁcients on the variable in question are jointly equal
to zero.Figure 1
Closed-economy VAR for the US:
responses to a positive monetary policy shock
Federal funds rate
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Two-country VAR: responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 3
Two-country VAR with uncovered interest parity condition:
responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 4
Two-country model with alternative speciﬁcation of the exchange rate equation:
responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 5
Two-country model with alternative speciﬁcation of the trade balance equation:
responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 6
Two-country model with euro-area M3 money stock:
responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 7
Two-country model with a recursive identiﬁcation of policy rule:
responses to a positive monetary policy shock in the US
Federal funds rate
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— median — – — 16, 84 percentiles – – 5, 95 percentilesFigure 8A
Two-country VAR: responses of euro-area real private consumption (left box)
and investment (right box) to a positive monetary policy shock in the US




















Two-country VAR: responses of excess return, euro-area real short-term interest rate
and real exchange rate to a positive monetary policy shock in the US
Excess return
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Note: Left column benchmark, right column VAR with the exchange rate responding to all variables.Appendix A: Description of data and sources
US variables
Real gross private domestic product, billions of chained 2000 dollars, seasonally adjuted annual
rate, US Department of Commerce: Bureau of Economic Analysis.
Gross domestic product implicit price deﬂator, index 2000=100, seasonally adjusted, US De-
partment of Commerce: Bureau of Economic Analysis.
Personal consumption expenditure, chain-type price index, 2000=100, seasonally adjusted, US
Department of Commerce: Bureau of Economic Analysis.
Consumer price index for all urban consumers: all items, index 1982-84=100, seasonally ad-
justed, Federal Reserve Bank of Saint Louis.
Effective federal funds rate, per cent, Federal Reserve Bank of Saint Louis.
Three-month Treasury bill rate, pe rcent, Federal Reserve Bank of Saint Louis.
M1 money stock, billions of dollars, Federal Reserve Bank of Saint Louis.
M2 money stock, billions of dollars, Federal Reserve Bank of Saint Louis.
Unit labour cost, OECD Economic Outlook.
The quarterly bilateral trade balance of the US with respect to the euro area has been computed
using monthly international trade statistics of the US Direction of Trade (Bureau of Economic
Analysis). We aggregated nominal exports to and nominal imports from the US of each indi-
vidual euro-area country and seasonally adjusted the resulting time series.
Euro-area variables
Since the beginning of 1991, real gross domestic product, the implicit GDP deﬂator, real pri-
vateconsumption, realgrossﬁxedcapitalformationandtheconsumptiondeﬂatoraretheofﬁcial
time series from Eurostat. Data have been backdated using the quarter-over-quarter growth rates
of the corresponding series of the Area Wide Model (AWM) built by Fagan, Henry and Mestre
(2001).
Quarterly consumer price index is measured by the quarterly averages of monthly data of the
Harmonised Consumer Price Index (HICP).The short-term interest rate is the three-month money market interest rate. The EU-12 aggre-
gates are taken from the AWM database. After 1998:4, they are updated, respectively, with the
three-month EURIBOR as published in the ECB Monthly Bulletin.
M3 money stock, European Central Bank.
Nominal effective exchange rate (PPI and CPI based), Bank of Italy.
Unit labour cost, OECD Economic Outlook.
Other variables
The commodity price index quarterly data are from the Commodity Research Bureau.
Bilateral exchange rate, exchange rate of the dollar vis-´ a-vis the ECU until 1998:4; exchange
rate of the dollar against the euro after 1998:4, Bank of Italy.Appendix B: Computation of impulse responses and error bands
The economy is described by a system of n structural equations (see Section 2):
A0Yt = A(L)Yt¡1 + et et » N(0;I) (B-1)
which implies the following reduced form:
Yt = A
¡1
0 A(L)Yt¡1 + A
¡1
0 et = B (L)Yt¡1 + ut ut » N (0;Σ) (B-2)
Given the assumption on the distribution of the structural shocks et, the likelihood function has
the following representation:















and assuming a joint diffuse prior distribution
p[B (L];A0) / jA0j
º (B-4)
where º is the degrees of freedom correction (equal to the number of estimated coefﬁcients in
each equation), the posterior distribution of B (L) can be computed:












where b Bols is the OLS estimator of B (L). By integrating over B (L) we can obtain the marginal












When the VARis just-identiﬁed we can sample from the distributionof B and then using eq. (B-
2) and the assumed A0 matrix to compute impulse responses. When the VAR is over-identiﬁed,
we simulate draws from the posterior distribution of A0 using the the Metropolis algorithm,
which is implemented in the following steps:
a) The value of A0 that maximize the posterior density is used to initialize the algorithm;
b) we generate z from h(z) and u from a uniform distribution over the range [0;1] where




, where c is
a scaling factor;
c) we compute the nth draw of the Metropolis as A
(n¡1)
0 + z;d) we compute J(A
(n¡1)








e) we set A
(n)
0 = A0 if u · J(A
(n¡1)





f) we compute the impulse responses using Yt = C(L)Yt¡1 = [B(L)¡1A0]Yt¡1.
Once a set of N impulse responses has been stored, we compute the percentiles of the marginal
distribution of the responses at each step of the impulse horizon.Appendix C: Diagnostics
Table C1
Test for autocorrelation of residuals










Notes: H0: no serial correlation at lag order h.Figure C1
Two-country VAR: autocorrelation of residuals
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